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Although impaired ventricular function has been shown to
improve after aortic valve replacement, there are few data
on hemodynamic changes after balloon aortic valvuloplasty
based on follow-up catheterization . Of 71 patients surviving
6 months after balloon aortic valvvloplasty, 41 agreed to
late recatheterization . All patients had pea and pnstvalsu-
loplasty and 6 month eatheterira(oo data measured with
high fidelity micromanometer pressure recordings and si .
multaneous digital subtraction left ventriculography .
The hemodynamic result immediately after salvulu-
plnsty included a reduction in the aortic valve gradient and
a moderate increase in aortic valve area (0 .51 ± 0 .14 to
0.81 ± 0.19 can', p < 0.0001). Ejection fraction increased
slightly (52 ± 18 to 55 ± 17%, p < 0 .0001) despite a
decrease In peak positive rate of rise of left ventricular
pressure (dP/dt 1,650 ._ 460 to 1,500 ± 490 mm Hgls, p <
0.05). There was also a decrease in left ventricular aferload
and a small decrease in preload,
At 6 month recatheterization, the mean aortic valve
gradient and area were similar to baseline values, with 31
Clinical symptoms in patients with aortic stenosis usuuily
result from left ventricular dysfunction secondary to the
valvular stenosis . Left ventricular dysfunction has been
shown to improve and in some cases reverse after surgical
aortic valve replacement (I-3) . Unfortunately, many pa-
tients with aortic stenosis are elderly and have coexisting
medical illness, thus increasing the operative risk for aortic
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176'iI or 41 patients demonstrating valsolar restenosis. At
6 months many left ventricular hemodynamic variables,
including peak positive dP/dl and stroke work, also resem-
bled prevalvuloptasty values . However, left ventricular
end-diastolic volume was reduced 1111 3 40 ml at 6 months
versus 136 ± 52 ml before valvnbplasty, p < 0.01). The
mean left ventricular ejection fraction was unchanged from
prevalsuloplasty values in the study group of 41 patients,
but was significantly improved in 9 of 15 patients with a
baseline ejection fraction <S0% .
Thus eratheterization at 6 months demonstrates left
ventricular remodeling and a modest improvement in ven-
tricular performance, with the left ventricle being less
dilated while maintaining stroke work and cardiac output .
These changes occur despite a high incidence of valve
restenosis, indicating that balloon aortic valvuloplasty
should be reserved for patients unable to tolerate surgical
valve replacement .
(J Am Coll Cardiol /990;16 :1351-8)
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valve icplaeiraot 141, An operative morality rate of
10,8%
was reported by Rioux el al . (5) in patients >70 years of age
undergoing aortic valve replacement, whereas Edmunds et
al . (6) reported an operative mortality rate of about 30%
in octogenarians . With medical treatment, however, the
prognosis with this disease is dismal . O'Keefe et al
. (7)
reported a I and 2 year survival rate of 57% and 37%,
respectively, in patients with severe aortic stenosis treated
medically because of excessive surgical risk or refusal of
surgery .
During the past several years, balloon aortic valvulo-
plasty has been employed as an alternative treatment for
high surgical risk patients with critical aortic stenosis 18) .
Although many patients demonstrate initial critical improve-
ment, recurrence of symptoms as early ash
months
after the
0735.1o97,WUSn .Sn
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procedure has been common
. Valvular restenosis has not
been infrequent and may be demonstrated noninvasively
by Doppler echocardiography (9) . Echocardiography, how-
ever, is limited in its ability to define changes in left
ventricular function after balloon aortic vaivuloplasty . Left
ventricular performance in patients with aortic stenosis is
often responsible for clinical symptoms and, in our experi-
ence (10), reduced ejection fraction before balloon aortic
vaivuloplasty is the best predictor of clinical outcome after
valvuloplasty .
The purpose of this study was to define the complex
hemodynamic changes that occur immediately after balloon
aortic valvuloplasty and to reevaluate left ventricular perfor-
mance in these patients 6 months after the procedure .
Methods
Study patients . The study group consisted of 112 consec-
utive patients undergoing percutaneous balloon aortic val-
vuloplasty between November 1986 and January 1989 at
Duke University Medical Center. All patients had sympto-
matic aortic stcnosis, with an initial aortic valve area
<0.8 cm' . Each patient was evaluated by a cardiologist and
cardiovascular surgeon . Ten patients had refused aortic
valve surgery and 102 were considered to have a high risk for
morbidity or mortality from aortic valve replacement . High
surgical risk was due to age >75 years in 68 patients, left
ventricular ejection fraction <30% in 22, severe obstructive
pulmonary disease in 4, dementia in 4, malignancy in 3 and
chronic renal failure in I
. All patients signed informed
consent for the study, which had been previously approved
by the investigational review board of our institution .
Clinical status was assessed by New York Heart Associ-
ation standards for congestive heart failure and the Canadian
classification for angina. All patients had 6 month clinical
follow-up data . Of the 112 patients, 31 died and 10 under-
went subsequent aortic valve refinement before the 6 month
follow-up study . The 10 patients who underwent subsequent
aortic valve replacement included 3 who had refused surgery
and subsequently agreed, 3 who originally required urgent
noncardiac surgery and then underwent valve replacement,
2 with a low ejection fraction that improved after balloon
aortic valvuloplasty and 2 who, despite continued high
surgical risk, underwent surgical valve replacement because
of continued severe symptoms of congestive heart failure .
All 10 patients survived operation without major complica-
tion .
Patients eligible for 6 month recatheterization (Tables I
and 2)
. Of the 71 patients who survived 6 months after
balloon aortic valvuloplasty, 41(58%) agreed to undergo late
recatheterization at mean of 6 ± 1 .2 months after the
procedure (Fig. 1). Of these 41 patients, 23 (56%) were
clinically improved and 18 (44%) had recurrence of preval-
vuloplasty symptoms at the time of recatheterization
. The
Table 1
. Comparison of Baseline Clinical Variables of the 112
Patients Undergoing Balloon Aortic Valvoloplasty (BAY) and 41
Patients Undergoing Late Recatheterization (Recath)
There were no statistical differences in any of the values between the two
groups. CAD = coronary artery disease ; CHF = congestive heart failure;
NYHA = New York Heart Association .
baseline clinical data in the 112 original patients with aortic
valvuloplasty and the 41 patients with 6 month recatheter-
ization are compared in Table l . The 41 patients undergoing
recatheterization were similar with respect to age, gender,
extent of coronary artery disease and symptoms of conges-
tive heart failure and angina . The baseline hemodynamic
variables of the original 112 patients and the 41
undergoing
recatheterization were similar as well (Table 2) .
Hemodynamic evaluation . Hemodynamic measurements
were obtained immediately before and after valvuloplasty,
Table 2. Comparison of Baseline Hemodynamic Variables in 112
Patients Undergoing Balloon Valvuloplasty (BAV( and 41 Patients
Undergoing Late Recatheterization (Recath)
There were no statistical differences in any of the values between the two
groups. LVEF = left ventricul ; ejection fraction .
Patients With 6
Month Recath
In = 41)
All BAV
Patients
(n=112)
Age (yr) 75 .9 5 8.2 75 .9
5
7.7
% mate 42 37
Extent or CAD'
None
20(48%)
49(44%)
I vessel 30127%)
2 vessel
11 :21%)
6115%) 19 )17%)
3 vessel 4( 10%) 14(12%)
Cup (NYHA class)
1 5 (12%) 8(791)
II 3 )7%) 12 (11%)
111 1702%) 40(36%)
1V 1609%) 52(46%)
Angina (Canadian class)
0-1 1701%) 47(4217)
11 6(15%)
11(10)
III 11(27%1 30(27%)
IV 7(17%) 24(21%)
Patients With 6
Month Recarh •
In =41)
All BAV
patients
(n=1121
Mean aortic valve gradient
(mm Hg)
56 .6 x 20.1 59 .7 5 18.4
Baseline aortic valve area (cm') 0.52
5
0.16 0.51 5 0.14
Change in aortic valve area with
BAV (cm')
0.27
5
0.14 0.29 5 0.14
Cardiac output (literslmin) 4.1 ± 1.3 4.3 x 1 .1
Baseline LVEF (%) 46
.6
- 19
.4
51
.9
•_ 18
.0
LVEF <50% before BAY 15 (37%)
50(45%)
Baseline
end-diastolic
volume (ml) 141 5 58 137 5 51
Baseline end-systolic volume (ml) 79 x 56 68 5 49
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112 patients undergoing BAV (11/86-1189)
31 died
71 eligible for 6 month mcatheterization
30 declined
41 patients underwent late recatheterization
(mean 6+/-1 .2 months post BAV)
Figure 1. Flow diagram illustrating the clinical status of the patients
with balloon aortic valvuloplasty (BAV) 6 months after the proce-
dure. AVR = aortic valve replacement.
as well as at the time of late recatheterization (6 ± 1 .2
months after valvuloplasty) . Cardiac catheterization was
performed by means of the femoral route .
Right heart pressures and hemodynamic variables were
obtained at all three catheterization studies : before and
immediately after valvuloplasty and at the 6 month study .
Coronary arteriography was performed at the initial assess-
ment in all patients. Aortic regurgitation was evaluated by
supravalvular aortography at each of the three examinations
and was graded from 0 to 4 using a standard visual grading
scale (I1). To define the hemodynamic variables as accu-
rately as possible, simultaneous left ventricular and aortic
pressure measurements were made with use of a high
fidelity, dual sensor micromanometer pigtail catheter (Millar
Instruments) positioned across the aortic valve . Oxygen
consumption was directly measured with use of a metabolic
cart (Waters instrument or Sensor Medics MMC Horizon),
allowing determination of the Fick cardiac output from the
arteriovenous oxygen difference . The Gorlin formula was
used to calculate aortic valve area (12) .
Digital subtraction left ventriculogroms were obtained in
the 30' right anterior oblique projection with use of a
nonionic contrast agent (Isovue (iopamidoll, E . R . Squibb &
Sons or Omnipaque [iohexoll, Winthrop, Pharmaceuticals)
.
A General Electric MLX L/U radiographic X-ray system
coupled to an ADAC 41.00-C computer was used for image
processing . Left ventricular and aortic pressures were digi-
tized and stored at 5 ms intervals . Left ventriculograms were
obtained by injecting 45 ml of contrast agent at 12 ml/s, with
images recorded at 30 frames/s . The area-length method was
used to calculate left ventricular volumes and ejection frac-
tion (13) . Volumes obtained in this laboratory have teen
previously standardized against left ventncular casts of
V 10 underwent AVR
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Figure 2. Digital subtraction left venteiculogmet showing the digi-
tized, simultaneous left ventricular pessure waveform (LVPR) at left
center . The left ventricular volume curve is shown at right center
and the rate of change of left ventricular pressure (dP/d0 is shown at
bottom left . The simultaneous left ventricular pressure-volume data
generating the pressure-volume loop are shown at bottom right .
known volume, generating a regression equation from which
volumes were determined . Pressure-volume loops were con-
structed with use of the simuio:neous pressure and volume
data (Fig. 2) . Areas defined by these loops were used to
calculate stroke work.
Balloon valvuloplasty procedure. The aortic valvuloplasty
balloon (Mansfield) was positioned retrogradely across the
aortic valve through a 14F sheath in the femoral artery . A
single balloon of 20 mm diameter was most commonly used .
The balloon was inflated until the waist in the balloon was
seen to disappear; the balloon wa<.w inflated two to five times
at 3 to 8 atm of pressure .
Statistical analysis . The data are expressed as mean val-
ues ± SD unless otherwise indicated . Statistical analysis was
performed with use of the Wilcoxon signed rank test for
changes in hemodynamic variable
: ; . Statistical significance
was defined at p < 0.05
.
Results
Hemodynamic changes immediaba after valvuloplasty
(Tables 3 and 4). Immediately after aortic valvuloplasty,
there was a decrease in mean aortic valve gradient from 59 .7
18.4 to 35 .6 ± 12 .7 mm Hg (p < 0.01) . There was no
change in Fick cardiac output . The calculated aortic valve
area increased from 0
.51 ± 0.14 to 0 .81 ± 0.19 cm' (p <
0.01) . Left ventricular systolic pressure was reduced from
215 ± 36 to 182 ± 31 mm Hg (p < 0 .01)
. There was no
significant change in aortic systolic or diastolic pressure .
Left ventricular end-diastolic pressure decreased from
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Table 3 . Hemodynamic Variables Related to Aortic Valve Area Mean Aortic Gradient
Before (Pre) and After (Post) Balloon Aortic VaIvuIoplasty (BAV)
and at 6 Month Recatheterization (Recath) in 41 Patients
'p < 0 .01 compared with before balloon aortic vatvulaplasty . LV = left
ventdcular.
19.3'_ 7.8 to 15 .3 ± 7.6 mm Hg (p < 0.01) whereas there was
no change in end-diastolic volume
. There was a small
decrease in left ventricular end-systolic volume from 66.2 ±
48.6 to 62
.7 ± 46.2 ml (p = 0 .02) and a small increase in
ejection fraction from 51.9 !- 18 before to 55 ± 17 .3% after
valvuloplasty (p < 0.01) .
The magnitude of both the peak positive and the peak
negative maximal rate of rise of left ventricular pressure
(dP/dt) decreased immediately after valvuloplasty . There
was a decrease in stroke work from 16.3 ± 6 .9 x 106 to 14 ±
5 .1 x 106 ergs (p < 0.01) . There was no change in right atrial
pressure, pulmonary artery press-ire or pulmonary capillary
Table 4. Indexes of Left Ventricular (LV) Performance Bofor
(Pre) and After (Post) Balloon Aortic VaIvuIoplasty (BAV) and at
6 Month Recatheterization (Recath)
'p < 0.01 comp red with before balloon aortic valvuloplasty . dP/dl =
maximal rate of nse of left ventricular pressure: LVEF = left ventricular
eiretien fraction.
40
20
0
0.2
0.0
Pre BAV Poet BAV 6 months
Figure 3. Top, Mean aortic gradient and aortic valve area before
(Pre) and immediately after (Post) balloon aortic valvuloplasty
(BAV) and at 6 month recatheterieotion in the 41 patients, illustrated
by box and whisker plats (25) . (The box shows the median as well as
the 25th and 75th quartiles of the data ; the whiskers show the range
of the data). The aortic valve gradient (top) was significantly lower
immediately after valvuloplasty . Much of the pressure gradient had
returned at the 6 month recatheterization, although it remained less
than that before valvuloplasty . Bottom, The aortic valve area
increased immediately after balloon aortic valvuloplasty
; its return
toward its prevalvuloplasty value is evident at 6 months,
'Differences significant at p < 0 .05.
wedge pressure either immediately after valvuloplasty or at
the time of 6 month recatheterization .
Hemodynamic results at the time of late recatheteriralion .
At this examination, the mean aortic gradient had returned
toward the baseline value, although it remained slightly less
than that before valvuloplasty (53.1 ± 16 .5 versus 59.7 ±
18.4 mm Hg, p < 0 .01). The calculated aortic valve area
often demonstrated significant restenosis, but the mean
valve area remained slightly larger than that before valvulo-
plasty (0.58 ± 0.16 versus 9 .51 ± 0 .14 cm', p < 0.01) (Fig. 3).
The Fick cardiac output and heart rate were unchanged at
each interval .
Left ventricular peak systolic pressure at late recatheter-
ization was not different than that before valvuloplasty,
although there was a trend toward higher aortic systolic
pressure at 6 month recatheterization (155 .7 ± 31 .1 versus
146.2 ± 33
.3 mm Hg, p = 0 .057) . There was no difference in
the aortic diastolic pressure .
Although left ventricular end-diastolic pressure was on-
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Pre BAV Poet BAY 6 months
Aortic Valve Area
0 41
Pre BAV Post BAV
6 Month
Recath
LVEF (%)
51 .9
t_
18 55 t 17.3' 54.4 t. 15.6
LV end-diastolic
V01- l ull
136 ± 52 134 z 51 111 t 40'
LV end-systolic
volume (ml)
66.2 U 48.6 62 .7 z 46.2' 54 ± 36
LV end-diastolic
pressure
(nom
Hg)
19.3 t 7 .8 15 .3 a 7.6' 19.5 z 8 .7
Stroke work
(x 106 ergs)
16.3 a 6S 14 *- 5.1' 13.8 t 5 .9
Peak positive dP/dt
(mm light
1,650 '- 460 1,500 2 490' 1,750 a 490
Peak negalive dP/dl
(mm Hg/s)
-1,440 t 370 -1,290 *- 410' -1 .450 ± 670
Heart one
(beats/mln)
74 .4 x 15.5 76 .9 z 15 .9 76
.5 U 17.1
Pre BAV Post BAV
6 Month
Recant
Mean aortic gradient
(mm Hg)
59.7 ± 18 .4 35 .6 x 12 .7' 53.1 U
16 .5'
Cardiac ompnI
(liters/mini
4.3 U 1 .1 4 .5 m 1 .2
4
.4 ± 1.2
Aortic valve area
(cm')
0.51 ? 0 .14 0 .81 ± 0.19' 0.58
._ 0
.16'
LV systolic pressure
(mm Hg)
215 ± 36 182 t 31'
211 ± 40
Aortic systolic
pressure (mm Hg)
146.2 a 33 .3 145 ± 33 155.7 U 31 .1
Aortic diastolic
pressure (mm Hg)
64 t 13 63 t 16 64
s
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Figure 4. A, Box and whisker plots of the left ventricular end-
diastolic volume (top) and end-systolic volume (bottom) at the three
times of study . The outliers in the data are shown as individual
points (25). A reduction in left ventricular end-diastolic volume is
evident at the 6 month recatheterization . B, The end-systolic volume
was slightly reduced immediately after balloon aortic valvuloplasty
(Post BAV). At the 6 month recatheterization the end-systolic
volume was not different from that before valvuloplasty IPre BAV') .
'Differences significant at p < 0 .05 compared with pre BAV.
changed at 6 months compared with before valvuloplasty,
there was a significant decrease in left ventricular end-
diastolic volume at the time of the late recatheterization
(from 136'_ 52 to 111 ± 40 ml, p < 0 .01) (Fig . 4, top) . Of the
41 patients undergoing late recatheterization, 29 (7i%) dem-
onstrated a decrease in left ventricular
end-diastolic
volume
compared with that before valvuloplasty . I here was a trend
toward a reduction in end-diastolic volume in those patients
with a more dilated left ventricle before valvuloplasty (r =
0 .61) . The change in left ventricular end-diastolic volume did
not correlate with prevalvuloplasty measurements of left
ventricular ejection fraction, end-diastolic pressure and aor-
tic valve gradient and area. It also did not correlate with
changes in ejection fraction, end-diastolic pressure and
aortic valve gradient and valve area assessed at Late recath-
eterization.
The end-systolic volume at (ate recatheterization was not
different from the value before valvuloplasty (Fig . 4, bot-
tom) . The magnitude of both peak positive and peak negative
dP/dt was not different from that before valvuloplasty . There
i.V End Diastolic Volume
Pro BAV
	
Post BAV 0 months
IV End Systolic Volume
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Figure 5 . Top, Left ventrict at (LVI pressure-volume loops at the
three study times from a ref.-csentalive patient after balloon aortic
valvuloplasty (Post BAV). Lit ventricularstroke work is calculated
from the area of the pressure-volume loop . Bottom . Box and whisker
plots of the left ventricular yoke work data from the three study
times in 36 p bents. Stmka work was reduced immediately after
valvuloplasty (Post BAV) (' = p < 0.05). At the 6 month recathe-
terization IBecathl . there was a trend toward reduced stroke work
(p = 0 .095 compared with before valvuloplasty )Pre BAV]) .
was a trend toward decreased stroke work at the 6 month
recatheterization (13 .8 -- 5.9 x 106 versus 16.3 t 6.9 x 106
ergs, p = 0.095) (Fig. 5) .
At 6 months, the left ventricular ejection fraction was
similar t0 the prevalvuloplasty value, although some patients
with a depressed prevalvuloplasty ejection fraction demon-
strated significant improvement at 6 months (Fig . 6). Indeed,
of 15 patients with a baseline ejection fraction <50%, 9 had
an increase after the 6 month interval .
Discussion
This study represents the largest group of patients for
whom invasive hemodynamic data evaluating left ventricular
performance are available both immediately and at late
follow-up study after balloon aortic valvuloplasty. Immedi-
ately after valvuloplasty, moderate improvement in the
severity of aortic stenosis was achieved, similar to the initial
results of others (14-16).
Acute changes in ventricular performance
. Immediately
after valvuloplasty, the increase in the aortic orifice size
causes a reduction in left ventricular afterload
. This reduc-
tion in afterload results in an immediate decrease in end-
systolic volume and contributes to the small increase in
1
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Figure 6 . Top, Box and whisker plots of left ventricular ejection
fraction (EF) before valvuloplasty (Pre BAV), immediately after
valvuloplasty (Post BAV) and at 6 month recarheterization in the 41
patients . A slight increase in ejection fraction occurred immediately
after valvuloplasty (Post BAV), but at 6 months it was similar to the
prevatvuloptasty value . Bottom, Loft ventricular ejection fraction in
the 15 patients with a depressed prevalvuloplasly ejection fraction
(<50%) . Nine patients demonst,ted significant improvement in
ejection fraction at the 6 month recatheterization . Dashed fines
connect patients with no improvement or worsening of ejection
fraction .
ejection fraction observed immediately after balloon aortic
valvuloplasty (17).
The increase in ejection fraction occurs despite a de-
crease in peak positive left ventricular dP/dt that is likely
caused by ischemic stunning of the ventricle, resulting from
the decrease in coronary perfusion pressure that occurs
transiently during balloon inflation . This transient ischemia
during balloon inflation, on occasion, results in oven angina
and ischemic electrocardiographic changes . Further evi-
dence for left ventricular ischemia comes from data showing
a reduction in the rate of isovolumetric relaxation immedi-
ately after aortic valvuloplasty (18). In addition, coronary
sinus measurements have demonstrated a decrease in coro-
nary blood flow and a change to myocardial lactate produc-
tion for a period of 5 to 10 min after balloon inflation
(19)
.
The end-diastolic volume or preload of the left ventricle
immediately after the procedure was similar to the preval-
vuloplasty value, with only a slight decrease in end-diastolic
pressure . There was a decrease in left ventricular stroke
work immediately after valvuloplasty, primarily the result of
the lower systolic pressure the left ventricle was required
to
generate . The immediate effec'- of aortic valvuloplasty are
therefore complex, with an interplay of factors that affect left
ventricular loading conditions .
In addition, it has been postulated that catecholamine
release after balloon inflation might augment intrinsic myo-
cardial contractility and that left ventricular baroreceptor
stimulation might reduce systemic arterial resistance and
further reduce afterload immediately after the procedure .
The similarity of the heart rate before and after the proce-
dure, however, and the evidence that the decrease in aortic
valve resistance contributes the primary component to the
reduction in left ventricular afterload observed immediately
after the procedure suggest that these two latter factors
contribute little to the hemodynamic outcome observed
immediately after balloon aortic valvuloplasty (20).
Aortic valve restenosis. The 6 month recatheterization
data demonstrate that restenosis of the aortic valve is
frequent. Other investigators have reported varying results
with respect to late restenosis after aortic valvuloplasty .
Letac et al
. (16) found only 9 (24%) of 37 patients with late
valvala restenosis . Restenosis in their series was defined as
a loss of a50% of the increase in valve area observed
immediately after valvuloplasty . These data were in an
extremely select group of 37 patients from a total of 218
patients . Subsequent reported studies have not found such
an optimistic rate of late aortic valve restenosis . Groflier et
al .
(21), studying 24 patients by recatheterization only 8 days
after valvuloplasty, found 16 (66%) of 24 patients to have
valvular restenosis. In our study, in which restenosis was
defined as a 50% loss in the initial improvement in valve area
achieved by aortic valvuloplasty, 31 (76%) of 41 patients had
valvular restenosis at 6 months .
The pathologic anatomy of these valves may help explain
the high rate of restenosis (22). The cause of stenosis in this
elderly group of patients is usually degenerative calcific
disease of a tricuspid aortic valve. The valve cusps have
gross calcific deposits that lie in the valve sinuses and
impede opening of the valve . Commissure fusion contributes
only a small amount to orifice narrowing, unlike the pathol-
ogy in rheumatic aortic stenosis . The increase in valve area
produced by ballooon aanic valvuloplasty in degenerative
calcific aortic stenosis has been shown to be due to gross
fracture of the nodular calcium plaques, occasional separa-
tion of fused commissures and possibly some stretching of
the aortic anulus (23).
Thus, the underlying valve pathology
and the limited alteration possible with balloon valvuloplasty
help expalin the moderate improvement in valve area seen
immediately and the high rate of late valvular restenosis .
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Left ventricular performance at 6 months. Many of the
variables of left ventricular performance assessed at the toe
of late recatheterization were similar to the prevalvuloplasty
values. Left ventricular systolic and end-diastolic pressures
were unchanged from prevalvuloplasty values . The mean
left ventricular ejection fraction at late recatheterization was
also not significantly different from that before valvulo-
plasty . However, in some patients ejection fraction was
depressed before valvuloplasty but showed significant im-
provement at late recatheterization (Fig. 6, bottom). Simi-
larly, Safian et al. (24) found that a subset of their patients
with a depressed left ventricular ejection fraction (37 ± 11%)
demonstrated significant improvement in this variable when
reevaluated by radionuclide ventriculography 3 months after
aortic valvuloplasty .
Reduction in ventricular dilation at 6 months . Addition-
ally, our late recatheterization data demonstrate a significant
redltctisn in the mean left ventricular end-diastolic volume at
6 months. There was a trend for the greatest reduction to
occur in patients with the greatest left ventricular dilation
before valvuloplasty . These dita are supported by the
reduction in end-diastolic volume demonstrated by radio-
nuclide ventriculography 3 months after balloon aortic
valvuloplasty (24) .
Thus, 6 months after balloon aortic
valvuloplasty, remodeling of the left ventricle appears to be
evident . Despite restenosis, the left ventricle is less dilated
and is able to maintain cardiac output at a reduced preload .
With the ventricle being less dilated, diastolic wall stress is
likely reduced, decreasing myocardial oxygen demand .
Whether this subtle improvement in ventricular perfor-
mance may partially explain the clinical improvement seen
in some patients after balloon aortic valvuloplasty needs
further evaluation . Improvement in diastolic ventricular
function (both in terms of the time course of isovolumetric
relaxation [tau] and left ventricular compliance during pas-
sive filling [Kpl), were recently shown (18) to correlate with
clinical improvement after balloon aortic valvuloplasty .
Clinical Implications. The high rate of restenosis suggests
that improvement in ventricular performance is not likely to
persist. In addition, the 6 month mortality rate after balloon
aortic valvuloplasty is high (28% in our study) . These data
present further evidence that aortic valve replacement
should remain the treatment of choice for operative candi-
dates with aortic stenosis . Balloon aortic valvuloplasty re-
mains a palliative procedure that should be strictly reserved
for those patients who are unable tc tolerate aortic valve
replacement . The procedure may also benefit the subset of
patients with a high operative risk ifue to depressed left
ventricular eiection fraction . Aort :c valvuloplasty may be
used as a "bridge" procedure to potentially improve the
ejection fraction and clinical status in some of these patients
and possibly decrease their subsequent operative risk . The
ability to predict which patients will demonstrate an im-
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provement in ejection fraction after the procedure would be
extremely useful and needs further investigation-
Limitations of the study . The 41 patients undergoing late
recatheterization in this study represent a biased group of
patients because it does not include those patients who did
not survive for 6 months . The clinical hemodynamic data of
the entire group of 112 patients and the 41 undergoing late
restudy were similar, however, and we believe that the
hemodynamic data of the 41 patients undergoing late recath-
eterization are representative of the entire group of patients
having valvuloplasty .
Late hemodynamic data in all patients surviving 6 months
after valvuloplasty would be optimal . Because of this elderly
and often extremely ill group of patients, a 58% recatheter-
ization rate is higher than in any previous study.
Conclusions . The hemodynamic changes occurring im-
mediately after valvuloplasty are complex and include a
decrease in afterload, little change in preload, a moderate
increase in left ventricular ejection fraction and probable
ischemic "stunning" of the ventricle .
Recatheterization of patients 6 months after balloon aor-
tic valvuloplasty reveals significant restenosis in most pa-
tients as judged by recurrence of a pressure gradient and
near return of valve area to its prevalvuloplasty revel . Many
variables of left ventricular performance were similar to
prevalvuloplasty values . Although overall the left ventricu-
lar ejection fraction was not different from values before
valvuloplasty, in some patients a depressed prevalvuloplasty
ejection fraction demonstrated significant improvement at 6
months . In addition, at 6 month recatheterization, remodel-
ing of the left ventricle is evident, with the left ventricle able
to maintain stroke work and cardiac output at a reduced
end-diastolic volume despite evidence of vaivular restenosis .
Modest improvement in ventricular performance 6
months after balloon aortic valvuloplasty may be responsible
for clinical improvement . However, the restenosis evident at
the 6 month recatheterization indicates that the improve-
ment in left ventricular performance is unlikely to persist and
that balloon aortic valvuloplasty should continue to be
performed only as a palliative procedure for those patients
with symptomatic aortic stenosis who are unable to tolerate
aortic valve replacement .
We are indebted to Deborah Riley to, rapes secretarial assistant, in the
preparnian of the manuscript.
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